Preferential flow, a term that includes macropore flow, non-equilibrium flow, and finger flow, 
| INTRODUCTION
In partially water-saturated soils and similar permeable media, the expression preferential flow summarizes non-equilibrium flow, finger flow, and macropore flow according to Jarvis, Koestel, and Larsbo (2016) that occurs during infiltration. Preferential flow (PF) suggests exceptions that pivot around the ordinary, equilibrium, and spatially well-behaved flow, that is, Richards' (1931) capillary flow (CF) in porous media. So far, PF has not gained the recognition as an independent hydro-mechanical flow process at the same level as CF. Moreover, PF is usually associated with macropores of some sorts (Beven & Germann, 1982 , 2013 Jarvis et al., 2016) . In order to avoid any a priori delineation of macropores from mesopores to micropores, the general expression of permeable media is here given preference over the term of porous media. Permeable media consist of solids that are penetrated by continuous voids permitting water to seep or flow through, regardless of the underpinned process, and of the dimensions and geometries of the voids.
Two recent reviews on the subject stake out quite well the breadth of paradigms covering preferential flow. Weiler (2017) , on the one hand, considers too restrictive the application of laminar viscous flow, for example, according to Germann and Karlen (2016) . He proposes an extension of the approach that may also include turbulent PF. There are no basic restrictions to the proposition because the associated Reynolds numbers indicate the degree of turbulence, thus the deviation from the theoretical requirements. Ultimately, only experimentations can demonstrate the upper limit of tolerable Reynolds numbers (see Equation 8 below). Internal erosion may set a more practical limit to high Reynolds numbers. On the other hand, Jarvis et al. (2016) explicitly mistrust hydro-mechanical approaches to preferential flow that are based, for instance, on Hagen-Poiseuille flow (Poiseuille, 1846) . Instead, they favour hydro-dynamical approaches that require investigations at the pore scale, using micro-image techniques and powerful computers. Whatsoever, there is an increasing number of papers expressing the malaise in soil hydro-mechanics. Alberti and Cey (2011) , for instance, simulated with a version of the HYDRUS 2D/3D code tension infiltrometer data collected from experimenting with a macroporous soil. Nimmo (2012) , for instance, reports about PF occurring in unsaturated conditions, that is, independently from ψ-θ relationships, whereas this section provides experimental evidence. The sand castle effect qualitatively illustrates the relationship between the rigidity of a sand-water-air mélange in relation to its moisture content. An optimal water-content range is required for sand shaping. If the sand is too wet or too dry, the shapes creep or crumble away. Too high water contents cause high ψ (i.e., closer to atmospheric pressure) resulting in weak forces pulling the sand grains together despite the large contact area between the grains and the liquid. Too low water contents exert much stronger pulling forces (i.e., ψ ≪ 0) from water onto the sand grains but along small contact areas between the liquid and the solid phases.
Intermediate water contents provide optimal combinations of ψ and the extents of the contact areas that keep the sand shapes in place.
Thus, ψ not only expresses the capillary potential in the water but also the rigidity of the grain-water-air composite. Conversely, the rigidity of an unsaturated granular medium in relation to θ also implicitly measures ψ.
The velocity v ac (m s −1 ) of acoustic waves crossing the sandwater-air mélange depends on the mélange's rigidity as expressed with the P-wave modulus M P (Pa; i.e., the pressure exerted from the acoustic shock wave onto the mélange that were required to compress it to half its antecedent volume. Hence, the huge approximate range of 10 8 < M P < 10 9 Pa in Figure 2 ). Flammer, Blum, Leiser, and Germann Brutsaert (1964) . The red arrows indicate Stages 1, 2, and 3 during Run 1; the Triple-point hints at the presumed gathering of Brutsaert's (1964) model with the data at the end of Run 1 and at the beginning of Run 2. At saturation, θ = ε, where ε is porosity, M P increases sharply because the incompressible water supports the pores. (Flammer et al., 2001 ; from Germann, 2014, with permission) 
states that the shear force φ (N·m Dividing the integral of the velocity profile by F yields the average velocity of the film that equals the velocity of the wetting shock front as
(m·s
). Consider further the specific contact length L (m·m 
(m·s −1 ). The mobile water content of the film amounts to 
with the conductance of
(m·s −1 ), indicating the dominance of L on q when considering the flow of w. The depth of the wetting front (positive vertically down from the surface, Figure 3 ) is
where T B (s) is the point in time when the wetting front starts moving at the surface of the permeable medium due to adequate input, whereas t onto which momentum dissipates according to Equation 1 in the depth range of 0 < z < z W (t). Equations 1-7 require laminar flow as assessed with the Reynolds number, that is, the ratio of advective versus dispersive momentum transport according to
Strict laminar flow occurs when Re ≤ 1 (Lamb, 1924) ; however, a broader range seems tolerable.
Representing shear flow with cylindrical coordinates, hydraulic engineer Hagen and physiologist Poiseuille (1846) , independently from one another, presented laminar flow in a thin tube as In the quest of designing the water supplies of Dijon, Darcy (1856) introduced hydraulic conductivity K (m·s −1 ) to characterize flow in water-saturated granular media considered suitable for filter materials.
Darcy's (1856) law 
where the index sat indicates the presumed maximum values of (L × F) sat at ε. Thus, hydraulic conductivity K sat expresses momentum dissipation related to (L × F) sat . To generally and simultaneously satisfy the complex dimensionalities of L and F in the basic VF-equations, "The formula … contains exactly the laws found experimentally by Poiseuille (1846) 
| EXAMINATION OF VISCOSITY IN RICHARDS' (1931) CF
This section extensively quotes verbatim Richards (1931) 
where subsequently K(ψ). These functions assume that "… the effective cross-sectional area of the water conducting region …" is strongly related to θ(ψ) that expresses equilibrium. Continuously fulfilling the equilibrium condition implies that during infiltration, any water flowing in "… the larger pore spaces containing air…" has instantaneously and mandatorily to be adsorbed by ψ.
No doubt, there is a capillary K for any steady flow in a nonsaturated porous medium that approaches static θ-ψ-equilibrium whereas CF remains steady. Richards' Figure 2 During substantial infiltrations, however, away from gentle increases of volume flux densities, deviations from the walk on the crest release shocks of water content waves that move as avalanches.
They brutally set back any subtle approach to a θ-ψ-K equilibration by temporarily connecting flowing water with atmospheric pressure, as Figure 2 demonstrates. Water sorption into finer pores is particularly active due to strong capillary gradients as Germann, Edwards, and Owens (1984) have demonstrated with the uptake of bromide from macropores. Water content waves, Equations (1-11), during predominately VF are the culprit of the θ-ψ-K non-equilibria.
In conclusion, Richards (1931) 
| DELINEATION OF CF FROM VISCOUS FLOW
The previous sections demonstrated that non-equilibrium flow is due to incomplete consideration of the momentum balance in Richards'
(1931) CF. Short-circuiting of capillary potentials is a mandatory prerequisite for VF that is grossly limited to a period lasting 3/2 of the duration of input. During this period, the emerging wetting front moves with constant v W , Equation (2), that decelerates considerably thereafter because the water content wave flattens due to the cessation of input. The decreasing part of VF after infiltration is not demonstrated here, whereas Germann and Prasuhn (2017) (2) to TDR-data retrieved from horizontally installed wave guides. The frequency distribution was in the approximate range of 5 ≤ F ≤ 120 (μm).
The lower limit of the range is considered the minimum width of paths allowing for VF. Thus, D from Equation (12) opposite to gravity, whereas the determination of K-ψ-θ relationships in thin horizontal columns of porous media almost completely circumvents gravity (e.g., Hillel, 1998) . Consequently, VF is by no means suited to deal with water redistribution after infiltration. In particular, water uptake by roots due to transpiration and capillary rise from ground water certainly remain in Richards' (1931) realm.
| SUMMARY AND CONCLUSION
During infiltration, VF occurs prior to and independently from CF as indicated in Figure 2 . Moreover, VF, for instance according to Germann and Karlen (2016) , is one member of the Newtonian family of laminar shear flow among others, such as Poiseuille (1846) with VF whose spatio-temporal extents are limited and strongly dependent on the intensity and duration of input (Germann & Prasuhn, 2017) . The subsequent steps then would include numerical procedures concerning CF, using as initial conditions the water content distribution from fading VF.
In conclusion, the statement of Alberti and Cey (2011) " … that a
Darcy-based model may not adequately represent flow in macroporous
systems" has to be rejected in view of these deliberations. First, Darcy-based models may indeed represent preferential flow if they are rooted in Newton's (1729) shear flow, Equation (1). Second, the functionally well-defined parameters F and L, Equations (2-4) of VF will eventually displace the ill-defined delineation between macropores and micropores. Moreover, the VF-approach to PF has matured to independence such that it does not require the subjugating status of a non-Richards-type flow.
